diagnostic tool to investigate lung cancer and respiratory infection, it has become widely used Background -Sputum induction is becoming more commonly used to assess in the investigation of inflammatory cells and mediators in normal subjects and in patients airway inflammation. Since it is a relatively non-invasive procedure it may be with asthma and chronic obstructive pulmonary disease (COPD). Recent studies have useful for repeated measurements over a short period of time.
points, the first in the morning, the second eight hours later, and the third the following morning 24 hours after the initial induction.
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has traditionally used samples obtained by before each expectoration. Any secretions of total cells. Samples were considered adequate for analysis if there was <50% squamous collected during the first five minutes were discarded in order to minimise squamous epi-cell contamination. thelial cell contamination. Secretions expectorated over the next 10 minutes were saved for analysis. These samples are termed "spu-   tum" throughout this paper. All sputum Data for absolute and differential cell counts are samples were kept at 4°C for not more than not normally distributed 3 4 and are expressed as two hours prior to processing. medians and ranges throughout. The magnitude of changes from baseline are derived for each subject according to the formula: (differ-  ential count at x hours) -(differential count The whole sputum sample was diluted with at baseline). These values are then used to 1 ml Hank's balanced salt solution (HBSS) calculate the median change in differential containing 1% dithiothreitol (DTT) (Sigma counts. Data at different time points were iniChemicals, Poole, UK) and was gently vor-tially analysed using the Kruskal-Wallis test. texed at room temperature. When homo-When a significant difference between groups geneous, the volume was recorded and the was observed, comparisons were made using the sample was further diluted with HBSS and Wilcoxon signed rank sum test between two centrifuged at 300g for 10 minutes. The super-predetermined groups -namely, baseline versus natant was separated and the cell pellet re-eight hours and baseline versus 24 hours. A p suspended in 1 ml HBSS. Total cells were value of less than 0.05 was considered significant. determined on a haemocytometer slide using the Kimura stain and slides were prepared using a cytospin (Shandon, Runcorn, UK) and Results stained with May-Grunwald-Giemsa. Differ-All subjects tolerated the sputum induction ential cell counts were performed by a blinded procedure well and there were no adverse observer with 300 non-squamous cells counted events during the course of the study. All subon each of two slides for each sample. Differ-jects produced an adequate sample of sputum ential cell counts were expressed as a per-at all three time points. centage of lower airway cells -that is, excluding squamous epithelial cells. Percentage squamous cell counts were expressed as a percentage   There was a significant rise in the percentage of neutrophils in the eight hour sample compared value of 55% (range 26-69%) to 38% (range group.bmj.com on April 18, 2017 -Published by http://thorax.bmj.com/ Downloaded from 3-56%: median difference 22%) at eight hours or to a different population of subjects. In't Veen et al 7 studied asthmatic subjects only and to 19% (range 14-59%: median difference 25%) at 24 hours ( fig 1B) . There was no whilst Pizzichini et al 3 looked at healthy subjects as well as patients with asthma and bronchitis. significant change in the differential counts of eosinophils, lymphocytes, or columnar epi-In a study of repeatability in asthmatic subjects over a 20 hour period, 4 although there was no thelial cells at any time point (table 1) . There was a tendency for a rise in the absolute neutro-increase in the median value of neutrophils between the two samples, there was an increase phil counts from a baseline median value of 0.4 million/ml (range 0.03-2.2 million/ml) to in the range in the second sample.
It is of note that all of the studies mentioned 0.7 million/ml (range 0.02-1.8 million/ml) at eight hours and 0.7 million/ml (range 0.09-2.7 above, as well as the present study, have utilised differing methods of inducing sputum. These million/ml), although this failed to reach statistical significance. There were no significant differences include not only the concentration of hypertonic saline used but also marked changes in the absolute numbers of the other cell types.
differences in nebuliser outputs and nebulisation times. In the present study we used a nebuliser output of 4.5 ml/min. This is higher than that of 0.87 ml/min used by Pizzichini et Discussion The results of this study show that differential al 3 and 2.4-2.5 ml/min used by others. 4 7 It is possible that the increase in neutrophils seen neutrophil and macrophage counts from induced sputum samples in normal subjects are in the present study with repeated sputum induction may not have occurred with a lower altered when repeated at eight and 24 hours. This is consistent with a study by Holz et al output nebuliser. Other factors such as saline concentration and duration of nebulisation demonstrating mean increases of 13-19% in differential neutrophil counts in induced spu-could also influence repeated sputum cell counts and formal studies of the effects of all tum repeated 24 hours after a previous induction. 6 In contrast, repeatability of cell these factors are warranted. The mechanism responsible for the increase counts in normal subjects has been demonstrated previously 1 3 with intraclass cor-in neutrophils with repeat sputum samples is not clear. It may be due to an effect of the relation coefficients of >0.7 for all cell types except lymphocytes (0.3) and total cell counts hypertonic saline. Previous studies have shown that exposure of human airways to hypertonic (0.4). However, the latter studies differed from ours in two ways. Firstly, both looked at sputum saline causes release of histamine, prostaglandin E 2 (PGE 2 ), and leukotriene C 4 from samples collected at least 24 hours apart. Secondly, they used the method of sputum "plug" mast cells. [9] [10] [11] Further support for a role of histamine is provided by the finding that selection rather than the whole sputum method used in the present study. This reduces salivary the bronchoconstriction produced by inhaled hypertonic saline can be inhibited by the mast content of the sample and should improve reproducibility of absolute cell counts by re-cell stabilising drug sodium cromoglycate and by terfenadine, a histamine H 1 receptor ducing the variable dilutional effect of salivary contamination. Theoretically, reproducibility antagonist. 12 13 This suggests that hypertonic saline inhalation can cause increased airway of differential counts should be unaffected by plug selection since these results are expressed inflammation via the release of mast cell mediators. It is not possible to say from our data as a percentage of total lower airways cells, excluding squamous cells. However, both intra-whether the increase in differential neutrophil counts is due to an inflammatory effect of and inter-observer error in cell counting increases with increasing squamous cell hypertonic saline. The fact that there is no statistically significant increase in the absolute contamination.
7 A method that decreases squamous contamination should therefore in-neutrophil counts may argue against a proinflammatory effect of the saline, and further crease cell count accuracy. This is unlikely to be a major factor accounting for the differences studies are required to address this issue.
If hypertonic saline is a pro-inflammatory seen in neutrophil and macrophage counts in the present study for two reasons. Firstly, the stimulus then it might be argued that the inflammatory cells found in induced sputum are squamous cell counts are low (19-28%) (table 1) in comparison with other studies using a a reaction to the hypertonic saline rather than pre-existing in the airway lumen. If this is the similar method, 4 although higher than in studies using plug selection.
8 Secondly, the median case, samples obtained by sputum induction should contain a higher proportion of neutrosquamous contamination was similar in all three samples (baseline 24%; eight hours 19%; phils than those collected by BAL or bronchial washings. It has been shown that neutrophil 24 hours 28%).
In previous studies in which the whole counts in asthmatic subjects are markedly higher in induced sputum (36%) than in bronsputum method has been used, 4 7 although repeatability has been demonstrated, there ap-chial washings (5%) or BAL fluid (1.3%). 14 15 However, it is more likely that the differences pears to be greater variability of differential neutrophil counts. In a study of repeatability between sputum and BAL fluid are a consequence of the examination of different comwhere sputum samples were induced at least two days apart, the intraclass correlation for partments in the airways. Further evidence against an immediate inflammatory response neutrophils was 0.6 compared with 0.8 in Pizzichini et al. 3 It is not clear whether this dis-to hypertonic saline is that differential counts in induced sputum do not differ from those in crepancy is due to methodological differences 
